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SYSTEM AND METHOD FOR 
AUTOMATICALLY GENERATING AN 
OBJECT-ORIENTED CLASS WRAPPER 

FIELD OF THE INVENTION 

The present invention generally relates to communication 
With devices and, more particularly, is related to simplifying 
the creation of programs to communicate With devices 
through use of object-oriented class Wrappers. 

BACKGROUND OF THE INVENTION 

Improvements in computer architecture have enabled a 
single computer to communicate With a large number of 
devices that are connected to the computer. To alloW proper 
communication With each individual device, each device is 
typically provided With a driver. Drivers provide a means of 
communication betWeen a computer and a device utiliZed by 
the computer, alloWing access to functionality made avail 
able by the device. 
A driver is required for each individual device to enable 

communication betWeen the computer and the device. If 
each driver is Written in a different manner, called by the 
computer in a different manner, and/or is executed 
differently, softWare programmers that utiliZe the drivers to 
enable access to functionality made available by the device 
Would ?nd it dif?cult to Write device interactive softWare. 
Therefore, it is desirable to have a standard available to 
dictate a required manner of creating each driver thereby 
making the job of softWare programmers less dif?cult. 

The VXIplug&play Systems Alliance Was created on Sep. 
22, 1993 to endorse and implement common standards and 
practices in both hardWare and softWare. These common 
standards are utiliZed to assist device and softWare program 
mers and/or vendors in creating drivers to effectively com 
municate With devices and softWare. The alliance encour 
ages the use of standard frameworks in the programming of 
device drivers, thereby enabling a variety of drivers from 
multiple manufactures and vendors to operate cooperatively 
Within the same computer system. In addition, the use of the 
standard frameWork in the creation of drivers alloWs soft 
Ware developers and vendors to create programs that com 
municate With devices in a standard manner, thereby sim 
plifying the creation of device-enabling programs. 

VXIplug&play drivers make it easier for a programmer to 
communicate With different devices from different manu 
factures in a standard manner. It should be noted that While 
the present disclosure is provided With reference to 
VXIplug&play drivers, other plug and play drivers having 
similar characteristics such as, but not limited to, IVI-C 
drivers, may be replaced. 

The use of a standard manner of communication neces 

sitates programmer knoWledge of one set of functions for 
programming devices that utiliZe VXIplug&play drivers. As 
an example, if a programmer intends to set a device to a 

knoWn state, a speci?c function is called (i.e., reset). This 
function is the same function called by all devices that utiliZe 
VXIplug&play drivers regardless of the type of device 
utiliZed. Therefore, When setting any device that utiliZes a 
VXIplug&play driver to a knoWn state it is necessary to 
utiliZe and have knoWledge of a single function. 
Alternatively, if there Were no standard to utiliZe in pro 
gramming device drivers, it Would be necessary for a 
programmer to possess knoWledge of each different 
function, for each different device, that may be used to set 
a device to a knoWn state. 
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2 
While the combination of efforts by the VXIplug&play 

Systems Alliance and the use of VXIplug&play drivers 
alleviates a certain amount of dif?culty in creating programs 
that alloW access to functionality made available by devices, 
there still is an amount of tediousness incorporated into 
device-enabling program creation. The folloWing provides 
three examples of problems and/or limitations associated 
With the use of VXIplug&play drivers. It should be noted 
that these are not the only limitations associated With the use 
of VXIplug&play drivers, but instead, are merely used as 
examples. 

First, VXIplug&play drivers comprise multiple functions 
that may be called during the creation of device-enabling 
programs by utiliZing developing environments such as 
Microsoft Visual Basic. Unfortunately, functions made 
available by device drivers are presented to the programmer 
in a list that is not conveniently sorted. While the source of 
stored device drivers may be determined by use of a vendor 
unique identi?er associated With de?ned functions of the 
device driver, the number of functions and constants de?ned 
by the device driver is still quite immense. Therefore, there 
is still a great amount of difficulty and/or tediousness 
involved in creating device-enabling programs since 
searches are required to ?nd appropriate driver de?ned 
functions that may be used to call speci?c device function 
ality. This dif?culty is ampli?ed When more than one device 
is utiliZed, so that one program uses multiple devices. 

Second, during the creation of device enabling programs, 
a handle is utiliZed to associate a device With a called 
function de?ned by the device driver. Speci?cally, When a 
programmer is encoding a device-enabling program, the 
programmer is required to manually identify the device 
associated With the function they Wish to call during execu 
tion of the program. This process is tedious and requires 
searching to identify the handle used by the device for Which 
they are providing programming. In addition, for each 
function that is called, the handle is speci?ed to ensure that 
the proper device performs the de?ned functions. 

Third, VXIplug&play drivers handle error reporting via 
the return of a value corresponding to error conditions that 
are de?ned by the programmer. Speci?cally, in creating 
device-enabling programs, the programmer is required to 
identify each possible error that may be encountered When 
calling functions of the device driver. In addition, the 
programmer is required to identify a path of resolution to be 
performed in response to encountering the de?ned error. As 
With identi?cation of handles, identi?cation of each error 
and resulting measures to be taken, is a tedious process. 

SUMMARY OF THE INVENTION 

In light of the foregoing, the preferred embodiment of the 
present invention generally relates to a system for providing 
an object-oriented class Wrapper to simplify the creation of 
programs that alloW access to functions and parameters 
made available by device drivers. 

Generally, With reference to the structure of the object 
oriented system, the system utiliZes a storage device having 
plug and play drivers stored therein and a memory. The 
system also comprises logic con?gured to encapsulate func 
tions universal to the plug and play drivers and a vi session 
handle Within a base class; logic con?gured to assign a name 
for the object-oriented class Wrapper; logic con?gured to 
enable use of functions de?ned by the plug and play drivers; 
logic con?gured to enable use of parameters associated With 
the functions de?ned by the plug and play drivers; and logic 
con?gured to limit acceptable values for the parameters in 
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accordance With acceptable parameter values de?ned by the 
plug and play drivers. 

The present invention can also be vieWed as providing a 
method of automatically generating an object-oriented class 
Wrapper for simplifying Writing of device enabling pro 
grams. In this regard, the method can be broadly summa 
riZed by the folloWing steps: storing plug and play drivers 
Within a storage device; encapsulating functions universal to 
the plug and play drivers and a vi session handle Within a 
base class; assigning a name for the object-oriented class 
Wrapper; enabling use of functions de?ned by the plug and 
play drivers; enabling use of parameters associated With the 
functions de?ned by the plug and play drivers; and limiting 
acceptable values for the parameters in accordance With 
acceptable parameter values de?ned by the plug and play 
drivers. 

Other systems and methods of the present invention Will 
be or become apparent to one With skill in the art upon 
examination of the folloWing draWings and detailed descrip 
tion. It is intended that all such additional systems, methods, 
features, and advantages be included Within this description, 
be Within the scope of the present invention, and be pro 
tected by the accompanying claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention can be better understood With reference to 
the folloWing draWings. The components of the draWings are 
not necessarily to scale, emphasis instead being placed upon 
clearly illustrating the principles of the present invention. 
Moreover, in the draWings, like referenced numerals desig 
nate corresponding parts throughout the several vieWs. 

FIG. 1 is a block diagram illustrating a typical computer 
or processor based system in Which the present Wrapper 
generation system may be provided. 

FIG. 2 is a block diagram providing examples of devices 
that may be connected to external ports of the computer 
system of FIG. 1. 

FIG. 3 is a How chart that shoWs the architecture, 
functionality, and operation of a possible method of using 
the Wrapper generation system of FIG. 1. 

FIG. 4 is a How chart that further illustrates operation of 
a possible method of creating the obj ect-oriented Wrapper of 
FIG. 3. 

FIG. 5 is an example of a provided graphical interface 
utiliZed for Writing a device-enabling program. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

The Wrapper generation system of the present invention 
can be implemented in softWare, ?rmWare, hardWare, or a 
combination thereof. In the preferred embodiment of the 
invention, Which is intended to be a non-limiting example, 
a portion of the system is implemented in softWare that is 
executed by a computer, for example, but not limited to, a 
server, a personal computer, Work station, minicomputer, or 
main frame computer. 

The softWare based portion of the Wrapper generation 
system, Which comprises an ordered listing of executable 
instructions for implementing logical functions, can be 
embodied in any computer-readable medium for use by, or 
in connection With, an instruction execution system, 
apparatus, or device such as a computer-based system pro 
cessor containing system, or other system that can fetch the 
instructions from the instruction execution system, 
apparatus, or device and execute the instructions. In the 
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4 
context of this document, a “computer-readable medium” 
can be any means that can contain, store, communicate, 
propagate or transport the program for use by or in connec 
tion With the instruction execution system, apparatus or 
device. 

The computer-readable medium can be, for example, but 
not limited to, an electronic, magnetic, optical, 
electromagnetic, infrared, or semiconductor system, 
apparatus, device, or propagation medium. More speci?c 
examples (a non-exhaustive list) of the computer-readable 
medium Would include the folloWing: an electrical connec 
tion (electronic) having one or more Wires, a portable 
computer diskette (magnetic), a random access memory 
(RAM) (magnetic), a read-only memory (ROM) (magnetic), 
an erasable programmable read-only memory (EPROM or 
Flash memory) (magnetic), an optical ?ber (optical), and a 
portable compact disk read-only memory (CD ROM) 
(optical). Note that the computer-readable medium could 
even be paper or another suitable medium upon Which the 
program is printed, as the program can be electronically 
captured, via for instance, optical scanning of the paper or 
other medium, then compiled, interpreted or otherWise pro 
cessed in a suitable manner, if necessary, and then stored in 
a computer memory. 

Referring noW to the draWings, Wherein like reference 
numerals designate corresponding parts throughout the 
draWings, FIG. 1 is a block diagram illustrating a typical 
computer or processor based system 2 in Which the present 
Wrapper generation system may be provided. As is illus 
trated by FIG. 1, the computer system 2 comprises a 
processor 4, a storage device 6, and a computer memory 8. 
The processor 4 accepts data and/or commands from the 
computer memory 8 over a local interface 12, such as a 
bus(es), or a dedicated path. The local interface 12, located 
in the computer system 2 may be, for example, a peripheral 
computer interface (PCI) bus. 
The computer memory 8 has softWare 14 stored therein, 

Wherein the softWare 14 de?nes functions to be performed 
by the processor 4 in accordance With the present Wrapper 
generation system. The computer memory 8 may also com 
prise an operating system 16 stored therein. Generally, the 
computer system 2 may run any of a number of different 
platforms and operating systems, including, but not limited 
to, the Unix®, WindoWsNT®, SunSolaris® or any such 
operating system. 
The computer system 2 further comprises input device(s) 

18 and output device(s) 22. Examples of input devices 18 
may include, but are not limited to a scanner, a keyboard, or 
a local access netWork connection. Examples of output 
devices 22 may include, but are not limited to, a video 
display, a printer, or a printer port. Further, at least one PCI 
slot 24 may be attached to the local interface 12 and provides 
a means for a peripheral device, such as a netWork interface 

card (NIC), to attach to the computer system 2. In addition, 
a number of external ports 26, such as, but not limited to, a 
serial port, a parallel port, or a universal serial bus port may 
be located Within the computer system for alloWing various 
devices to be connected to the computer system 2. Other 
external ports 26, or interfaces, may be located betWeen the 
computer system 2 and devices connected thereto including, 
but not limited to, an IEEE 1394 (?reWire), a general 
purpose interface bus (GPIB), or a custom personal com 
puter plug in (PCPI) card. 

Device drivers may be stored Within a storage device 6 
located Within the computer system 2, Wherein the device 
drivers enable communication betWeen the computer system 
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2 and devices connected to the computer system 2. 
Speci?cally, each device connected to the computer system 
2 comprises at least one device driver that is stored Within 
the storage device 6, Which is accessible by the object 
oriented softWare 14 stored Within the computer memory 8. 
Further description of the object-oriented softWare 14 and 
functions provided by the softWare 14 is provided herein 
beloW. It should be noted that the functions provided by the 
softWare may instead be provided via hardWare by logical 
devices. 

FIG. 2 is a block diagram providing examples of devices 
that may be connected to external ports 26 of the computer 
system 2. It should be noted that the devices illustrated by 
FIG. 2 are provided merely as examples since other devices 
may be connected to the external ports 26. In addition, it 
should be noted that the devices may not actually be 
physically connected to the external ports 26, but instead, 
may communicate With the computer system 2 via an 
alternative communication means, such as, but not limited 
to, a Wireless propagation medium or infrared. 

As is shoWn by FIG. 2, the computer system 2 may 
communicate With an oscilloscope 32, a voltmeter 34, a 
spectrum analyZer 36, and/or a function generator 38. While 
FIG. 2 shoWs connection of the devices 32, 34, 36, 38 to the 
computer system 2 via external ports 26, it should be noted 
that the devices 32, 34, 36, 38 may instead communicate 
With the computer system 2 via a Wireless propagation 
medium. 

The Wrapper generation system creates an obj ect-oriented 
Wrapper that interacts With device drivers loaded Within the 
storage device 6 (FIG. 1). Interaction betWeen the Wrapper 
and the device drivers creates a simple and ef?cient envi 
ronment for Writing a device-enabling program. Creation of 
the Wrapper and interaction betWeen the Wrapper and the 
device drivers is described in detail beloW. In addition, after 
description of Wrapper creation and interaction betWeen the 
Wrapper and the device driver, an example of programmer 
interaction With the Wrapper is provided during Writing of a 
device-enabling program. 

FIG. 3 is a How chart that shoWs the architecture, 
functionality, and operation of a possible method of using 
the present Wrapper generation system. In this regard, each 
block represents a module, segment, or portion of code, 
Which comprises one or more executable instructions for 
implementing the speci?ed logical function(s). It should also 
be noted that in some alternative implementations, the 
functions noted in the blocks may not occur, or occur out of 
the order noted. For example, tWo blocks shoWn in succes 
sion may in fact be executed substantially concurrently or 
the blocks may sometimes be executed in the reverse order, 
depending upon the functionality involved, as Will be further 
clari?ed hereinbeloW. 

The Wrapper generation system ?rst determines What 
devices are connected to the computer system 2 (block 52). 
Different methods may be utiliZed to determine connected 
devices 32, 34, 36, 38, an example of Which is transmitting 
a ping from the computer system 2 to external ports 26. The 
ping is then forWarded to connected devices 32, 34,36, 38. 
When the ping is received by the connected devices 32, 34, 
36, 38, the devices transmit a return message to the computer 
system 2, Wherein the return message identi?es the device 
type and the external port 26 of the computer system 2 to 
Which each device 32, 34, 36, 38 is connected. The device 
types are then stored by the computer system 2 for use by a 
programmer during Writing of a device-enabling program 
(block 54). Storage of the device types may be performed by 
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6 
numerous methods depending upon a desired method of 
presentation of the device types to a programmer utiliZing 
the present Wrapper generation system. As an example, the 
device types may be stored Within the computer memory 8 
or the storage device 6. 

After the device type is stored Within the computer system 
2, the Wrapper generation system aWaits a programmer 
provided request for communication With a connected 
device (block 56). The programmer initiates the communi 
cation request during Writing of a device-enabling program, 
Wherein the programmer may either select the name of a 
connected device 32, 34, 36, 38 from a list provided by the 
Wrapper generation system, or may type the name of the 
device 32, 34, 36, 38. Of course other methods of selection 
of a connected device may be utiliZed as Well. 

When the Wrapper generation system receives a commu 
nication request from the programmer, a class Wrapper is 
generated for the requested device (block 58). Wrapper 
generation is further described With reference to the How 
chart of FIG. 4 provided beloW. Execution of the class 
Wrapper generation system generates a base class, if the base 
class does not already exist, and a child class, as described 
beloW. The base and child classes contain a number of 
methods (described beloW in FIG. 4) Which call the original 
VXIplug&play driver functions, Wherein the methods are 
utiliZed by the programmer in Writing the device-enabling 
program. Once the class Wrapper is generated, the Wrapper 
generation system alloWs the programmer to Write the 
device-enabling program via use of features made available 
by the class Wrapper, each of Which is described in detail 
beloW. 

FIG. 4 is a ?ow chart that further illustrates operation of 
a possible method of creating the class Wrapper of FIG. 3. As 
is knoWn in the art, a VXIplug&play driver comprises a 
number of functional ?les. While there are multiple ?les 
de?ned by the driver, tWo of these ?les that have particular 
importance With reference to the class Wrapper are the 
header ?le, having the extension “.h”, and the front panel 
?le, having the extension “.fp”. The header ?le provides 
information regarding the device driver and the device to 
Which it pertains. This information includes functions and 
parameters of the driver. The front panel ?le de?nes a 
number of user-friendly graphical interfaces that may be 
presented to a programmer during use of a corresponding 
driver. The graphical interfaces are used to present the 
functions and parameters to a programmer in a user friendly 
manner via use of items such as, but not limited to, drop 
doWn boxes and scrolling ?elds. As an example, if a pro 
grammer is Writing source code for a device-enabling pro 
gram Wherein the device is an oscilloscope, the .fp ?le may 
provide properties for a graphical user interface that presents 
the user With selection options for parameters of the oscil 
loscope. Options may include voltage levels or Wave types, 
to mention a feW, that are placed in a drop-doWn menu for 
selection. 
As is knoWn to those skilled in the art, other ?les are 

associated With a VXIplug&play driver. Certain of these 
?les may be utiliZed by the present Wrapper generation 
system in addition, or in replacement of, the .h and .fp ?les 
described above. As an example, the generated Wrapper 
child class, Which is described in detail beloW, may call the 
original VXIplug&play driver functions via use of the .dll 
?le from the VXIplug&play driver. As mentioned Within the 
background of the invention, While the present disclosure is 
provided With reference to VXIplug&play drivers, other 
plug and play drivers having similar characteristics such as, 
but not limited to, IVI-C drivers, may be supplemented. 
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It should be noted that the class Wrapper described herein 
may be Written in one of many different softWare languages 
and may be utilized by a device-enabling program Written in 
any softWare language. As is knoWn in the art, there are 
seven different functions that are universally used by 
VXIplug&play drivers. These seven functions are de?ned 
by the VXIplug&play standard endorsed and implemented 
by the VXIplug&play Systems Alliance. The seven func 
tions include the “init,” “close,” “reset,” “selfitest,” 
“revisioniquery,” “erroriquery,” and “errorimessage,” all 
of Which are Well knoW by those of ordinary skill in the art. 
In addition, VXIplug&play drivers also universally utiliZe a 
“vi” session handle. As is knoWn by those of ordinary skill 
in the art, the vi session handle is utiliZed for identifying a 
speci?ed device. Since the above seven functions are knoWn 
by those skilled in the art, they are not described in detail 
herein, speci?cally since their de?nitions are not needed for 
the present Wrapper generation system. Instead, the use of 
the remainder of the functions in the VXIplug&play drivers 
is What is more important to the Wrapper generation system. 

For creation of the object-oriented class Wrapper, the 
seven functions and the vi session handle are “encapsulated” 
(block 72) since the VXIplug&play drivers are capable of 
utiliZing these features. Encapsulation of the seven functions 
and the vi session handle is performed by Writing source 
code that generates code Which identi?es the seven 
functions, enables use and interaction With the seven 
functions, and determines and stores the vi session handle 
for use by the programmer of a device-enabling program. 
The generated code that encapsulates the seven functions 
and the vi session handle is referred to as a base class. The 
de?nition of the base class correlates to the basic meaning of 
a class With reference to object-oriented code. Speci?cally, 
as is knoWn by those of ordinary skill in the art, a class is an 
object describing a grouping of data items that are concep 
tually related and thought of as modeling an object. A class 
Wrapper is later created Which inherits from (re-uses) source 
code Written for the base class, as is further eXplained beloW. 

Generally, source code is Written to inspect the .fp and .h 
?les and to generate the class Wrapper depending upon the 
information retrieved from the .fp and .h ?les, as is further 
eXplained beloW. To generate the class Wrapper, source code 
is Written that enables assignment of a name for the class 
Wrapper (block 74). The name is assigned for the class 
Wrapper by inspecting the .fp and .h ?les, from Which a 
device driver name is obtained. As is knoWn in the art, the 
fp and .h ?les for a VXIplug&play driver have a correspond 
ing driver name. The driver name is also referred to as the 
vendor/model number pre?X for the driver, Which typically 
begins With tWo letters that refer to the maker of the device, 
and ends With numbers that describe the instrument for 
Which the driver Works. 

In assigning a name to the class Wrapper, a determination 
is made as to Whether both the .fp and .h driver names, for 
a device selected by the programmer, are identical. If the .fp 
?le name and the .h ?le name are not identical, then the 
driver to Which the .fp and .h ?les pertain is not a legitimate 
VXIplug&play driver and the ?le name may not be used as 
the name for the class Wrapper. An error may then by 
returned to the Writer of the device-enabling program to 
specify that a legitimate driver for the selected device does 
not exist. HoWever, if the .fp ?le name and the .h ?le name 
are identical, the class Wrapper name is set as the driver 
name. As is knoWn by those of ordinary skill in the art, there 
are other methods that may be utiliZed for determining if the 
driver is a legitimate VXIplug&play driver. Therefore, the 
present description is not intended to limit the use of other 
methods for determining legitimacy of drivers. 
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Source code is then added to enable the class Wrapper to 

translate alpha characters in the class Wrapper name so that 
the class Wrapper name is in upper case letters and numbers 
(block 76). This translation simpli?es interaction of the class 
Wrapper With multiple softWare programs that recommend 
capital letters for interaction, such as, but not limited to, the 
Microsoft .NET FrameWork. Therefore, While translation is 
not required, it is desirable. 

Once the class Wrapper name and base class are knoWn, 
source code is Written to generate a child class, focused upon 
driver de?ned functions, Wherein the child class is derived 
from, and reuses, functionality from the base class (block 
78). The child class comprises the functionality de?ned 
Within the base class plus driver de?ned functions beyond 
those de?ned by the base class, Wherein the additional 
functions are de?ned by the driver associated With the .fp 
and .h ?les. A?rst step in generating child class source code 
is to create members Within the child class. Members of the 
child class comprise, but are not limited to, constructors and 
methods. Therefore, source code is Written to generate 
constructors and methods Within the child class. It should be 
noted that, While the present Wrapper generation system 
generates a base class and a child class, multiple base 
classes, or no base classes may be generated for the class 
Wrapper. It should also be knoWn that, since the base class 
comprises functions universal to all VXIplug&play drivers, 
the base class may be utiliZed for multiple child classes. 

In accordance With the preferred embodiment of the 
invention, the Wrapper generation system provides one base 
class per computer system 2. The Wrapper generation system 
generates this base class if it does not already exist; alter 
nately the base class could be provided (pre-Written) as part 
of the Wrapper generation system. The Wrapper generation 
system also generates a single child class for each 
VXIplug&play driver, Where the generated child class inher 
its from, and re-uses, the base class, With the child class 
name being as described above as the class Wrapper name. 
As is knoWn by those of ordinary skill in the art, in 
object-oriented systems, inheritance is the preferred method 
of code re-use. The present inheritance design alloWs the 
programmer that may be using multiple devices, in this case 
multiple generated child classes, to call any of the seven 
functions in the base class on any instance (described beloW) 
of any child class. 
As is knoWn in the art, a constructor alloWs creation of an 

instance. Constructors are treated as instructions to create a 
neW instance Where key values for the instance do not yet 
eXist. In fact, the key values are provided by the methods, as 
is discussed beloW. The methods provide functionality to 
make driver functions available to be called by the Writer of 
the device-enabling program. Therefore, the methods iden 
tify driver functions that Will interact and de?ne a created 
instance. After the constructor alloWs creation of the 
instance created by the programmer during the Writing of the 
device-enabling program, the methods alloW the program 
mer to call functions de?ned by the device driver for Which 
the child class has been generated. 

In accordance With the preferred embodiment of the 
invention, the methods are generated into the child class for 
each VXIplug&play driver function. To generate a method, 
source code is provided in the Wrapper generation system to 
remove the vendor name/model pre?X from each of the 
functions provided by the device driver. The pre?X is 
removed since it is no longer needed, due to prior use in 
naming the class Wrapper. In addition, the pre?X is removed 
to make the function names easier to read by the program 
mer during Writing of the device-enabling program that 
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utilizes the class Wrapper. By removing the pre?x, the 
programmer is able to vieW a function name Without a 
pre?x, and since the class Wrapper sorts functions according 
to device drivers, the removal enables the programmer to 
call and/or vieW knoWn driver functions Without using 
pre?xes. 

In addition, in accordance With the preferred embodiment 
of the invention, the function names may be further trans 
lated to conform With recommended naming conventions of 
the Microsoft .NET Framework. Conforming includes 
removing underscores and using Pascal Casing conventions, 
Where the ?rst letter of each Word in the function name is 
capitaliZed. For example, “selfitest” is translated to “Self 
Test.” 

After removal of the driver function pre?x and any 
translation, the portion of the function name that remains is 
compared to other values stored and referenced by the base 
and child classes to ensure that there are no con?icting 
names used by the base or child classes. The comparison 
process checks each of the previously identi?ed functions 
and the class Wrapper name. Therefore, after comparison, 
each function Within the child class is unique. 

If there is a con?ict Wherein more than one function has 
the same name, one of the functions, or methods, is modi?ed 
so that each function Within the child class is unique. An 
example of a process that may be used to modify a function 
name is appending a suffix to the driver function name until 
the function name does not con?ict With any function names 
in the base or child classes. It should be noted that at this 
point, the functions de?ned in the base and child classes 
include the functions de?ned by the device driver. It should 
also be noted that other processes may be utiliZed to modify 
the function name to ensure uniqueness. 

Parameters de?ned by the device driver for each function 
are also inspected, amended, and correlated to their respec 
tive driver function Within the base class. Amending of 
parameter types and names is performed in accordance With 
the program being utiliZed to Write the present source code, 
Which Will create the class Wrapper base and child classes. 
As is knoWn by those of ordinary skill in the art, driver 

parameter types are provided in a format that is in accor 
dance With the VXIplug&play driver standard. 
Unfortunately, this standard format may not be usable in the 
softWare language in Which the base and child classes of the 
class Wrapper are generated, or in the language used by the 
programmer to call the generated Wrapper. Therefore, the 
parameter types are amended so that they are congruent With 
the softWare language in Which the base and child classes of 
the class Wrapper Will be generated, and also congruent With 
the most common languages used by programmers. Amend 
ing may be performed by de?ning functionality that trans 
lates the type of a parameter into a type that may be 
recogniZed by the softWare language of the base and child 
classes of the class Wrapper. As an example, if a 
VXIplug&play driver de?ned a parameter type as “ViInt32,” 
the parameter type may be translated to “int” since “int” is 
recogniZed by the softWare language of the base and child 
classes of the Wrapper. 

In accordance With the preferred embodiment of the 
invention, the parameter names are also translated to con 
form to the recommended naming conventions of the 
Microsoft .NET Framework. Conforming includes remov 
ing underscores and using Camel Casing conventions, Where 
the ?rst letter of each Word except the ?rst Word is capital 
iZed. For example “voltsiDC” is translated to “voltsDc”. 
As is shoWn by block 82, source code is added to the 

Wrapper generation system so that the class Wrapper gen 
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10 
erator further examines the .h ?le and the .fp ?le for 
presentation of parameters pertaining to a function de?ned 
by the driver. The .fp ?le speci?es Whether parameter values 
are integers or enumerations. An enumeration, as is knoWn 
by those of ordinary skill in the art, represents When there is 
a speci?c de?ned number of values. Therefore, When param 
eter values are provided as an enumeration there are a 

speci?c number of acceptable de?ned values for the func 
tion. Alternatively, When parameter values are provided as 
an integer there is no limitation to the number of acceptable 
values for the parameter, or at least, acceptable values fall 
into a very large group. 

On execution of the Wrapper generation system, the .h ?le 
and the .fp ?le is examined for each parameter de?ned by the 
driver. Examination of the .h ?le and the .fp ?le is performed 
by ?rst examining the .h ?le of the driver to determine if 
acceptable values for a parameter may be provided as an 
integer or as an enumeration. AfterWards, the .fp ?le is 
examined to determine if only speci?c values for the param 
eter are acceptable. Therefore, it should be noted that the .fp 
?le may further de?ne Whether the acceptable values for the 
parameter may be an integer or an enumeration. As an 
example, for a speci?c function, examination of the .h ?le 
may illustrate that any integer value betWeen —2147483648 
and +2147483647 may be utiliZed as the value for a param 
eter. HoWever, the .fp ?le may provide only ten (10) values 
that are acceptable as parameter values. 

If it is determined that a parameter has a speci?c number 
of alloWed values, the enumerated values of the parameter 
are incorporated into the class Wrapper. Incorporation of the 
parameter values into the class Wrapper ensures that, after 
creation of the class Wrapper, only alloWed parameter values 
are provided to the programmer during Writing of a device 
enabling program. OtherWise, the programmer Would be 
resorted to continuously entering different values for a 
parameter until he/she enters a value that is accepted based 
upon the driver to Whom the parameter pertains, or the 
programmer is forced to manually consult a driver help ?le 
to determine the possible values for each parameter. Since 
the .fp ?le provides user friendly graphical interfaces, use of 
the class Wrapper provides the acceptable parameter values 
to the programmer of a device-enabling program in an 
easy-to-use pull-doWn screen, thereby removing the element 
of guessing Which values are acceptable for a parameter. 

Other properties are also de?ned by the .fp ?le, including, 
but not limited to, help text that provides a de?nition and 
description of each function and parameter provided by the 
device driver. To utiliZe the help property of the .fp ?le, 
source code may be generated into the child and base classes 
de?ning functionality so that When the class Wrapper is 
created, the class Wrapper correlates each function With its 
corresponding help text. 

Preferably, in accordance With the preferred embodiment 
of the invention, the source code generated for each function 
in the child and base classes actually comprises tWo func 
tions for each function of the VXIplug&play driver. The tWo 
functions Within the child and base classes differ in their 
error handling strategy. The original VXIplug&play driver 
handles error reporting via the return of a value correspond 
ing to error conditions encountered. Therefore, it is neces 
sary for the programmer to Write code to check the return 
value of each function called, and identify a path of reso 
lution to be performed in response to encountering each 
de?ned error. 

Having tWo functions in the generated class Wrapper 
alloWs the programmer of a device-enabling program to 
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choose an error handling strategy. The ?rst function of the 
tWo functions, referred to as the raW function, simply acts 
similarly to the original VXIplug&play driver function and 
returns an error status. As mentioned above, the programmer 
Writes code to handle the de?ned error. 

The second function of the tWo functions uses a more 
modern error handling strategy knoWn as Structured Excep 
tion Handling, Which is Well knoWn to those of ordinary skill 
in the art. With use of Structured Exception Handling, 
occurring errors trigger an Exception. For the programmer 
using the Wrapper, this is much simpler to use in that there 
is no return value to check on every function call, multiple 
function calls to the Wrapper can be grouped into one 
try/catch block, and errors are checked for only once. It 
should be noted that the Exception error handling strategy is 
supported by most modern programming languages. 

The folloWing provides an example of use of the Wrapper 
generation system and interaction With a programmer of a 
device-enabling program, from the perspective of the pro 
grammer. The programmer ?rst selects a device for Which 
the device-enabling program Will apply. Since the device 
names have been previously stored, selection may be per 
formed via use of a pull-doWn screen or simply by typing the 
device name if knoWn. After selection of a device, the class 
Wrapper is generated. 

The Wrapper generation system returns sample source 
code to the programmer that shoWs an example of hoW to 
instantiate (call the constructor) of the driver Wrapper, and 
call one or more functions in the Wrapper. The sample source 
code also includes a handle for the device selected. This 
sample source code may be incorporated into the user’s 
program, if the programmer so desires. 
When the programmer is returned the sample source code 

he/she is capable of selecting additional driver functions to 
be inserted into the device-enabling program. To select 
functions of the driver, the programmer types the handle for 
the device and the “.” dot character. As is knoWn by those of 
ordinary skill in the art, in various versions of Microsoft 
Visual Studio (including .NET), Which is the preferred 
softWare program utiliZed for Writing device-enabling 
programs, the “.” dot character is a special character that 
signals the Microsoft Visual Studio editor to use Intel 
liSense. Therefore, once the programmer types a “.” dot 
character, functions de?ned by the driver of the selected 
device are provided to the programmer for selection. These 
functions do not comprise pre?xes and have been previously 
translated to ensure that they are recogniZable by the soft 
Ware program used to Write the device-enabling program. It 
should be noted that if the programmer is not using a 
softWare program that recogniZes the “.” dot character (a 
program Without IntelliSense), an option for a drop-doWn 
menu comprising the functions, may be provided to the 
programmer upon selection of the program feature. 

Preferably, the functions are provided in a drop-doWn 
menu. Highlighting of any particular function changes text 
Within a WindoW that provides help information regarding 
the function, its parameter names and types, and its use. 
After selection of a function, related parameters may also be 
selected by a drop-doWn menu that is presented to the 
programmer, Wherein the parameters have previously been 
checked to ensure that they pertain to the selected device. An 
example of a provided graphical interface utiliZed for Writ 
ing the device-enabling program is provided by FIG. 5. FIG. 
5 illustrates a graphical interface 102, Wherein a drop-doWn 
menu 104 is opened after the programmer types a “.” dot 
character. In addition, a help WindoW 106 is provided for the 
highlighted function “MeasureOneQ.” 
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12 
It should be emphasiZed that the above-described embodi 

ments of the present invention, particularly, any “preferred” 
embodiments, are merely possible examples of 
implementations, merely set forth for a clear understanding 
of the principles of the invention. Many variations and 
modi?cations may be made to the above-described 
embodiment(s) of the invention Without departing substan 
tially from the spirit and principles of the invention. All such 
modi?cations and variations are intended to be included 
herein Within the scope of this disclosure and the present 
invention and protected by the folloWing claims. 
We claim: 
1. A system for automatically generating an object 

oriented class Wrapper for plug and play drivers, compris 
ing: 

a memory; and, 
a processor programmed by softWare stored Within said 
memory to perform the steps of: 
generating an object-oriented class Wrapper responsive 

to header and front panel ?les associated With a plug 
and play compliant device driver; 

encapsulating functions universal to said plug and play 
drivers and a vi session handle Within a base class 
responsive to an alphanumeric identi?er of a target 
device associated With the device driver, Wherein the 
alphanumeric identi?er is checked for con?icts With 
base class system objects; 

assigning a name for said object-oriented class Wrapper 
responsive to the alphanumeric identi?er, Wherein 
assigning comprises appending a suf?x When a con 
?ict exists; 

enabling use of functions de?ned by said plug and play 
drivers; and 

enabling use of parameters associated With said func 
tions de?ned by said plug and play drivers. 

2. The system of claim 1, Wherein said object-oriented 
class Wrapper is created in response to a request from a 
programmer to communicate With a device connected to said 
system. 

3. The system of claim 2, Wherein said step of enabling 
use of said functions generates source code for a ?rst 
generated function and a second generated function, Wherein 
said ?rst generated function provides error reporting via 
return of a value previously de?ned by said programmer, and 
Wherein said second generated function provides error 
reporting via triggering Structured Exception Handling. 

4. The system of claim 1, Wherein said plug and play 
drivers are VXIplug&play drivers. 

5. The system of claim 1, Wherein said object-oriented 
class Wrapper is generated from said base class and a child 
class, said child class comprising said encapsulated func 
tions in addition to functions de?ned by a single one of said 
plug and play drivers, and parameters associated With said 
single one of said plug and play drivers, Wherein a single 
child class is developed for each said plug and play driver. 

6. The system of claim 5, Wherein each of said encapsu 
lated functions, said functions de?ned by a single one of said 
plug and play drivers, and said parameters associated With 
said single one of said plug and play drivers comprises a 
unique name. 

7. The system of claim 1, Wherein said step of assigning 
a name for said object-oriented class Wrapper is performed 
by utiliZing a driver name provided by a .fp driver ?le and 
a .h driver ?le. 

8. The system of claim 1, further comprising the step of 
providing a graphical interface for selection of said func 
tions and said parameters, Wherein said graphical interface 
is de?ned by said plug and play drivers. 
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9. The system of claim 8, wherein said graphical interface 
also provides help information associated With said func 
tions and said parameters. 

10. A system for automatically generating an object 
oriented class Wrapper for plug and play drivers, compris 
ing: 

a memory comprising: 

logic con?gured to encapsulate functions universal to said 
plug and play drivers and a vi session handle Within a 
base class; 

logic con?gured to assign a name for said object-oriented 
class Wrapper; 

logic con?gured to enable use of functions de?ned by said 
plug and play drivers by examining and converting 
plug and play data types to a common language runtime 
data type; and 

logic con?gured to enable use of parameters associated 
With said functions de?ned by said plug and play 
drivers. 

11. The system of claim 10, Wherein said object-oriented 
class Wrapper is generated from said base class and a child 
class, said child class comprising said encapsulated func 
tions in addition to functions de?ned by a single one of said 
plug and play drivers, and parameters associated With said 
single one of said plug and play drivers, Wherein a single 
child class is developed for each said plug and play driver. 

12. The system of claim 11, Wherein each of said encap 
sulated functions, said functions de?ned by a single one of 
said plug and play drivers, and said parameters associated 
With said single one of said plug and play drivers comprises 
a unique name. 

13. The system of claim 10, Wherein said assigning a 
name for said object-oriented class Wrapper is performed by 
utiliZing a driver name provided by a .fp driver ?le and a .h 
driver ?le. 

14. The system of claim 10, further comprising logic to 
provide a graphical interface for selection of said functions 
and said parameters, Wherein said graphical interface is 
de?ned by said plug and play drivers. 

15. A method of automatically generating an computer 
implemented obj ect-oriented class Wrapper for plug and play 
drivers, comprising the steps of: 

encapsulating functions universal to said plug and play 
drivers and a vi session handle Within a base class; 

assigning a name for said object-oriented class Wrapper 
responsive to an alphanumeric identi?er, Wherein 
assigning comprises appending a suf?x When a con?ict 
exists; 

14 
enabling use of functions de?ned by said plug and play 

drivers by examining and converting plug and play data 
types to a common language runtime data type; and 

enabling use of parameters associated With said functions 
de?ned by said plug and play drivers. 

16. The method of claim 15, Wherein said object-oriented 
class Wrapper is generated from said base class and a child 
class, said child class comprising said encapsulated func 
tions in addition to functions de?ned by a single one of said 
plug and play drivers, and parameters associated With said 
single one of said plug and play drivers, Wherein a single 
child class is developed for each said plug and play driver. 

17. The method of claim 16, Wherein each of said encap 
sulated functions, said functions de?ned by a single one of 
said plug and play drivers, and said parameters associated 
With said single one of said plug and play drivers comprises 
a unique name. 

18. The method of claim 15, Wherein said step of enabling 
use of said functions generates source code for a ?rst 

generated function and a second generated function, Wherein 
said ?rst generated function provides error reporting via 
return of a previously de?ned value, and Wherein said 
second generated function provides error reporting via trig 
gering Structured Exception Handling. 

19. A system for automatically generating an object 
oriented class Wrapper, comprising: 
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means for encapsulating functions universal to plug and 
play drivers stored Within said system and a vi session 
handle Within a base class; 

30 

means for assigning a name for said object-oriented class 
Wrapper; 

means for enabling use of functions de?ned by said plug 
and play drivers by examining and converting plug and 
play data types to a common language runtime data 
type; and 
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means for enabling use of parameters associated With said 
functions de?ned by said plug and play drivers. 

20. The system of claim 19, Wherein said object-oriented 
class Wrapper is generated from said base class and a child 
class, said child class comprising said encapsulated func 
tions in addition to functions de?ned by a single one of said 
plug and play drivers, and parameters associated With said 
single one of said plug and play drivers, Wherein a single 
child class is developed for each said plug and play driver. 
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